Purpose The study aimed to describe the ultrastructure of two human mature oocyte intracytoplasmic dysmorphisms, the bull-eye inclusion and the granular vacuole, with evaluation of clinical outcomes after intracytoplasmic sperm injection (ICSI) treatment. Methods We retrospectively evaluated 4099 consecutive ICSI cycles during the period 2003-2013. Three groups were compared: controls, those with a bulls-eye inclusion, and those with granular vacuoles. Oocyte dysmorphisms were evaluated by transmission electron microscopy and in situ fluorescence hybridization (FISH). Detailed data on demographic and stimulation characteristics, as well as on embryological, clinical, and newborn outcomes, are fully presented. Results The bull-eye inclusion is a prominent smooth round structure containing trapped vesicles, being surrounded by lipid droplets. The presence of this dysmorphism in the oocyte cohort had no clinical impact except when transferred embryos were exclusively derived from dysmorphism oocytes. The granular vacuole is delimited by a discontinuous double membrane and contains lipid droplets and vesicles. As FISH analysis revealed the presence of chromosomes, they probably represent pyknotic nuclei. The presence of this dysmorphism in the oocyte cohort had no clinical impact except when at least one transferred embryo was derived from dimorphic oocytes. Conclusions Poor clinical outcomes were observed with transfer of embryos derived from dysmorphism oocytes, although without causing gestation or newborn problems. The bull-eye inclusion and granular vacuoles may thus be new prognostic factors for clinical outcomes.
Introduction
A large proportion of human mature (MII) oocytes retrieved after controlled ovarian hyperstimulation displays extracytoplasmic (zona pellucida, polar body, perivitelline space) or intracytoplasmic dysmorphisms [1, 2] . The latter have been reported to occur in about 10-15 % of human MII oocytes, with an associated aneuploidy rate of 20-65 % [1, 3] .
The success of assisted reproductive treatments depends on the oocyte quality. A competent oocyte requests full cytoplasmic and nuclear maturity [4] [5] [6] [7] [8] . Therefore, numerous factors have been referred as relevant for oocyte competence such as zona pellucida (ZP) morphology [9] [10] [11] [12] ; polar body morphology, and chromosome constitution [13] [14] [15] [16] [17] [18] ; metaphase spindle [19] [20] [21] ; chromosome constitution [1, 2, 7, 22] ; oocyte DNA damage and repair [22] ; cytoplasmic viscosity and resistance to membrane penetration during intracytoplasmic sperm injection (ICSI) [7, 23, 24] ; oocyte shape [7, 25, 26] ; mitochondria aggregation patterns [27, 28] ; diverse extracytoplasmic and intracytoplasmic inclusions [5] [6] [7] [8] ; and abnormal expressed genes [29] [30] [31] [32] .
The large majority of studies on oocyte cytoplasmic dimorphisms provided individual embryological information, although the individual impact of these dimorphisms remains unclear as most of the clinical results are presented for pooled oocyte dimorphisms [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] .
Other authors, nevertheless, analyzed specific oocyte cytoplasmic dimorphisms after ICSI cycles providing thus more accurate information about the dimorphisms studied. Refractile bodies (RB) are a very common inclusion consisting on a secondary lysosome with incorporated autophagy materials. RB were associated with decreased fertilization rate (FR), embryo cleavage rate (ECR), and blastocyst development when >5 μm [45] . Oocytes with a central dark granulation are also frequent and correspond to an abnormal accumulation of mitochondria and vesicles. No significant differences were observed for the FR, ECR, embryo quality, or clinical pregnancy (CP) rate. On the contrary, it was observed that there were significant lower implantation (IR) and ongoing pregnancy (OP) rates and a higher embryo aneuploidy rate [29, 46, 47] . Vacuoles are large vesicles [1, 33, 34, 38] , which have an estimated frequency of 3.9 % [48] . They have been related with the absorption of perivitelline space fluid [1] or with the dilation of smooth endoplasmic reticulum (SER) components [49] [50] [51] , being thus considered morphological degenerative changes [49] [50] [51] . The FR was found decreased when multiple vacuoles or vacuoles >14 μm were present [48] . A case report on recurrent central very large vacuole reported the birth of a newborn (NB) with a major malformation (double left kidney and ureter) [52] . The smooth vacuole was described as a large aggregate of SER tubules surrounded by mitochondria (aSERT). This dimorphism was associated with lower embryo quality, IR, CP rate, and birth of a NB presenting a Beckwith-Wiedemann syndrome [53] . Another study found a decrease in the rate of blastocyst formation, a higher abortion rate, a lower live birth delivery rate (LBDR), higher preterm birth, decreased birth weight, higher rate of neonatal death, and a case presenting a diaphragmatic hernia [54] . In a case report with recurrent large aSERT, authors reported two OP, one interrupted by abortion due to holoproencephaly and other that resulted in a neonatal death due to multiple anomalies [55] . The most complete study on large aSERT showed that this has a frequency of 1.7 %. The authors observed a significant higher number of retrieved oocytes and immaturity rate, lower FR, ECR, blastocyst formation rate, IR, CP rate, OP rate and LBDR, higher preterm birth, and the birth of a NB with a small ventricular septal defect [56] . However, a similar work delivered opposite results, with all rates being similar to controls without NB malformations [57] . A recent report revealed lower FR and IR, without adverse effects on the other clinical and NB outcomes [58] . The actual evidence and guidelines suggest hence that transfer of embryos derived from oocytes with large aSERT should be avoided [59] [60] [61] .
In the present study, we describe the ultrastructure of two human oocyte cytoplasmic dimorphisms, the bull-eye inclusion and the granular vacuole, along with the evaluation of clinical outcomes. Fluorescence in situ hybridization (FISH) analysis revealed the presence of chromosome material in granular vacuoles, thus suggesting that they probably represent pyknotic micronuclei. Poor clinical outcomes were observed after transfer of embryos derived from dimorphic oocytes, though there was no gestation or NB problems. The bull-eye inclusion and granular vacuoles may thus be new prognostic factors for clinical outcomes.
Material and methods

Ethics approval
According to the National Law on Medically Assisted Procreation (Law 32/2006) and the National Council on Medically Assisted Procreation guidelines (CNPMA, 2008), patient samples and data bases were used after patient's informed and written consent from cases enrolled in infertility treatments.
Patients
We retrospectively evaluated 4099 consecutive ICSI cycles with ejaculated sperm over the period [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] . Three groups were analyzed: controls (3877 cycles), cases with a bull-eye inclusion in MII oocytes (11 cycles), and cases with a granular vacuole in MII oocytes (211 cycles).
Karyotype analysis
The karyotype was obtained using G-banding and included the analysis of at least 30 metaphases from peripheral blood lymphocytes, according to general protocols [62] .
Stimulation protocol
Women underwent controlled ovarian hyperstimulation with a gonadotropin-releasing hormone (GnRH) short antagonist multiple-dose flexible protocol in the large majority of the cases (Cetrorelix: Merck Serono, Geneve, Switzerland; Ganirelix: Organon, Oss, Netherlands) and the long agonist protocol (Busereline, Suprefact: Sanofi Aventis, Frankfurt, Germany) in the other cases [63, 64] . For stimulation, recombinant follicle-stimulating hormone (rFSH; IU/ml; Puregon: Organon; Gonal-F: Merck Serono) was used. In several cases, human menopausal gonadotropin (HMG; Menopur: Ferring, Kiel, Germany) was added to rFSH and in a few cases only HMG was used. About 36 h before oocyte recovery, human chorionic gonadotropin (hCG; 5000-10,000 IU, im/sc; Pregnyl: Organon) was administered. In cases at risk of ovarian hyperstimulation syndrome, Busereline was used instead of hCG. Estradiol serum levels were assayed at the day of hCG or 1 day before [63, 64] .
Gamete and embryo handling
Media from Medicult (Jyllinge, Denmark) or Vitrolife (Kungsbacka, Sweden) were used for gamete and embryo handling. Microinjection was executed in an inverted microscope (Nikon DIAPHOT 200; Nikon, Tokyo, Japan), equipped with a thermal plate (37°C), Hoffman optics (Nikon), and Narishige micromanipulators (MO-188; Narishige, Tokyo, Japan), using micropipettes from Swemed (Goteborg, Sweden). ICSI was performed using the strong dislocation of the cytoplasm [65] . Embryo quality was graded according to described methods [66, 67] . Embryo transfer was accomplished under ultrasonography, using a Sure View Wallace Embryo Replacement Catheter or Wallace malleable stylet (Smiths Medical International, Kent, UK).
Luteal supplementation
All patients had luteal supplementation with intravaginal administration of 200 mg of natural-micronized progesterone (Jaba, Besins International, Montrouge, France), 8/8 h (600 mg day) beginning on the day of oocyte retrieval. Implantation was confirmed by a rise in β-hCG serum 12 days after embryo transfer. Progesterone was maintained until β-hCG serum assay and, if positive, it was continued until 12 weeks of gestation. Clinical pregnancy was established by ultrasound visualization of a gestational sac at 7 weeks of gestation. Where a GnRH agonist was used for triggering final oocyte maturation, luteal support was associated with an oral tablet of 2 mg estradiol (Isdin, Novo Nordisk, Bagsvaerd, Denmark), 12/12 h for the same time of progesterone and hCG (1500 IU) at the day of oocyte pick-up [68] .
Cell imaging, transmission electron microscopy, and fluorescence in situ hybridization
Live cell images were taken under the inverted microscope using the Cronus-3 imaging system (Research-Instruments Ltd, Cornwall, UK).
Immediately after denudation, 11 excedentary dimorphic MII oocytes were processed, 6 for transmission electron microscopy (TEM) and 5 for FISH. Normal MII oocytes from a dimorphic cohort were not processed for TEM as they were not donated for research. Nevertheless, a TEM image of a normal MII oocyte from our archives is presented for comparisons (Fig. 1g) .
Four oocytes with a granular vacuole (two of small and two of medium size) and two oocytes with a bull-eye inclusion were fixed with Karnovsky (2.5 % glutaraldehyde, 4 % paraformaldehyde, 0.15 M sodium cacodylate buffer, pH 7.3) (SigmaAldrich, St. Louis, USA; Merck, Darmstadt, Germany) for 30 min at room temperature and then for 2 h at 4°C, washed in buffer overnight at 4°C, post-fixed in 2 % osmium tetraoxide (Merck) in buffer containing 0.8 % potassium ferricyanide (Merck) for 2 h at 4°C, washed in buffer (10 min), serially dehydrated in ethanol (Panreac, Barcelona, Spain), equilibrated with propylene oxide (Merck), and embedded in Epon (Sigma). Semithin and ultrathin sections were prepared with a diamond knife (Diatome, Hatfield, Switzerland) in an LKB ultramicrotome (Leica Microsystems, Weltzlar, Germany). Ultrathin sections were collected on 300 mesh copper grids (Taab, Berks, England), stained with 3 % aqueous uranyl acetate (20 min; BDH, Poole, England) and Reynolds lead citrate (10 min; Merck), and observed in a JEOL 100CXII transmission electron microscope (JEOL, Tokyo, Japan) operated at 60 Kv [69, 70] .
Five oocytes with a granular vacuole (two of small and three of medium size) were processed for FISH analysis. Each oocyte was transferred to a 400-μl drop of 1 % sodium citrate (Sigma-Aldrich) in a Petri dish. After 10 min, the swollen cell was allocated to a poly-L-lysine-coated glass slide (Menzel-Glazer, Braunschweig, Germany). Fixation was performed with Carnoy (3:1 v/v methanol/acetic acid; Merck) by dropping five 10 μl drops starting at 5 cm above with sequential decreases of 1 cm. In this way, the visible vesicle appeared discernible. The slide was then washed for 4 min each in phosphate-buffered saline (PBS; Sigma) and distilled water, dehydrated in ethanol at 70, 96, and 100 % (1 min each), and left to air-dry. It was then incubated at 37°C in a water bath for 20 min with pepsin (100 μg/ml in water; Sigma) to remove cytoplasmic remnants and enable probe penetration. After a wash in distilled water, it was fixed at 4°C for 10 min in 1 % de paraformaldehyde (37 % formalin; Sigma) in PBS. The sample was again washed and dehydrated as above and left to air-dry [71] [72] [73] .
A fluorescent probe mixture was prepared according to manufacturer's instructions (Vysis, Dês Plaines, IL, USA) for chromosomes X, Y, 18, and 21 [7 μl hybridization buffer-LSI + 1 μl CEP18-aqua spectra (blue color) + 1 μl LSI21-orange spectra (red color) + 1 μl CEPX-green spectra + 0.5 μl YSATIII-red spectra + 0.5 μl YSATIII-green spectra (yellow color for the Y chromosome), and 4 μl were applied to each oocyte]. In one case, it was used for the X chromosome 0.5 μl CEPX (DXZ1-spectra aqua) + 0.5 μl CEPX (DXZ1 spectra green) (pink color).
DNA denaturation was performed at 75°C for 4 min by plating samples in a thermal plate (HYBrite, Vysis, CA, USA), followed by hybridization in a moist dark chamber at 
Statistical analysis
Statistical analysis was carried out through the IBM SPSS Statistics 20 program for Windows. Means were compared by the t test for independent samples. Categorical variables were analyzed using descriptive statistics and chi-square test, with continuity correction. In some variables, in the presence of cells with expected value <5 in contingency tables, the Fisher exact test was used. All statistical tests were two-tailed, with significance level of 0.05 (p < 0.05).
Results
Of the 4099 ICSI cycles performed from 2003 till 2013, 11 (0.27 %) exhibited MII oocytes with a bull-eye inclusion and 211 (5.15 %) a granular vacuole. Here, we present the detailed ultrastructural analysis of these dimorphisms, altogether with FISH analysis of granular vacuoles. We then present detailed demographic and stimulation characteristics and full embryological, clinical, and NB outcomes after ICSI treatment of cases with these oocyte dimorphisms.
Inverted microscopy of dimorphic oocytes
At the inverted microscope, the bull-eye inclusion consisted of a prominent smooth round structure surrounded by a short cavitated region (Fig. 1a) . Concerning the granular vacuoles, two kinds were observed: the small granular vacuole which showed a discernible membrane and presented a pale appearance and a large aggregate of rough dense inclusions concentrated at one pole or in the middle of the vacuole (Fig. 1c) and the medium-sized granular vacuole which also showed a discernible membrane, had a pale appearance, and presented small dense rough inclusions around the periphery (Fig. 1d) . For comparisons to similar dimorphisms, we present images of the refractile body ( Electron microscopy of dimorphic oocytes
MII oocytes with a bull-eye inclusion
At the ultrastructural level, oocytes presented a regular ZP, a narrow perivitelline space with short microvilli, and the first polar body. The MII metaphase plate was positioned below the first polar body. Under the oolemma, there was a row of submembranar dense cortical vesicles. The cytoplasm consisted of small moderate dense mitochondria and isolated SER vesicles and tubules. The SER vesicles with associated mitochondria (MV complexes) as well as the aSERT were absent (Fig. 2a-c) . The bull-eye inclusion appeared as a prominent structure, without limiting membrane, being surrounded by moderate dense lipid droplets (Fig. 2d, e) . Its interior is occupied by small-and medium-sized vesicles with peripheral dense materials. These vesicles presented a double membrane (Fig. 2f) . The peripheral crater appearance observed at the live image (Fig. 1a) was not confirmed at semithin sections ( Fig. 2a) , which showed that the surrounding pale area was due to the presence of light round structures. These light round structures were confirmed at the ultrastructural level to correspond to lipid droplets (Fig. 2d, e ).
MII oocytes with small granular vacuoles
At the ultrastructural level (Fig. 3a, b) , oocytes presented a regular ZP, a narrow perivitelline space, and short microvilli. The MII metaphase plate was positioned below the first polar body (not shown). Under the oolemma, there was a row of submembranar dense cortical vesicles. The ooplasm consisted of small moderate dense (Fig. 3b) . The periphery of the small granular vacuole presented regions in contact with the cytoplasm, regions delimited by a single membrane, and regions delimited by a double membrane (Fig. 3c, d ). Structures resembling nuclear pores could also be observed (Fig. 2g inset). The interior had a fine fibrillar appearance and contained a large lipid droplet. At the free borders, the granular vesicle showed signs of incorporation of moderate dense lipid droplets, vesicles with floccular contents and dense vesicles with double membrane and tubular cristae (Fig. 3c inset) .
MII oocytes with medium-sized granular vacuoles
At the ultrastructural level ( Fig. 4a-c) , these oocytes presented a regular ZP, a narrow perivitelline space, and short microvilli. The MII metaphase plate was positioned below the first polar body (not shown). Under the oolemma, there was a row of submembranar dense cortical vesicles. The ooplasm contained small moderate dense mitochondria, isolated small SER vesicles, small MV complexes, and aSERT. The cytoplasm appeared enriched in isolated SER tubules. Large MV complexes were absent (Fig. 4a-c) . The periphery of the granular vacuole presented regions in contact with the cytoplasm, regions delimited by a single membrane, and regions delimited by a double membrane (Fig. 4d-f) . The interior had a fine fibrillar appearance, and at its center, there was a moderate dense granulo-fibrillar structure. At the free borders, it was observed there was the inclusion of moderate dense lipid droplets surrounded by very dense materials and the incorporation of very dense round structures (Fig. 4d, e) . At other points of the granular vacuole periphery, the granular vacuole membrane appeared to originate protrusions (Fig. 4f) .
Fluorescent in situ hybridization of oocytes with granular vacuoles
The ultrastructural morphology of granular vacuoles raised the suspicion that they could represent degenerative micronuclei. 
Clinical outcomes
From the 4099 consecutive ICSI treatment cycles, three study groups were established. Controls were those ICSI cycles without bull-eye or granular vacuole dimorphisms (3877 cycles), the bull-eye group corresponded to ICSI cycles with presence of at least one oocyte with this dimorphism (11 cycles), and the granular vacuole group corresponded to ICSI cycles with presence of at least one oocyte with this dimorphism (211 cycles). The rate of appearance of these dimorphisms during 10 consecutive years was 0.27 % for the bulleye inclusion and 5.15 % for the granular vacuole.
Regarding the bull-eye inclusion (Table 1) , there were no significant differences in demographic (patient age, time of infertility, factors of infertility, and basal FSH) and stimulation (mean number of follicles, mean total gonadotropin dose, mean time of stimulation, mean serum estradiol levels, and mean hCG dose) characteristics as well as in relation to embryological, clinical, or NB (gestation age and NB weight) outcomes. No cases of NB malformations were noticed. Of the 11 cycles with bull-eye inclusion, there were 10 embryo transfer cycles (ETC). Of these, eight were with embryos derived from normal oocytes (normal ETC) from which four healthy NB were obtained, one was with embryos derived one from a normal oocyte and another from a dimorphic oocyte (mixed ETC) from which resulted one healthy NB, and one was with embryos derived from dimorphic oocytes (pure ETC) from which no CP was observed.
In relation to granular vacuoles (Table 1) , there were no significant differences regarding patient characteristics except for a significantly lower mean male age. In relation to stimulation characteristics, there was significantly higher mean number of follicles and of estradiol levels, associated with significantly lower total gonadotropin dose used. Regarding embryological outcomes, there was significantly higher mean number of retrieved oocytes, oocyte maturation rate, and FR, associated with a significantly lower ECR. There were no significant differences in relation to clinical and NB outcomes, Fig. 2 Ultrastructure of human mature oocyte with bull-eye inclusion. a Semithin section. Note the zona pellucida (ZP), the metaphase II plate (white arrowhead), and the first polar body that is divided (1PBd). The bull-eye inclusion (arrow) is surrounded by several light round structures (black arrowhead). b-f Ultrathin sections. b, c The oocyte cortex contains cortical vesicles (cv), isolated smooth endoplasmic reticulum (SER) vesicles (v) and tubules (t), and moderate dense mitochondria (m). Note the ZP, the perivitelline space (PVS), microvilli (mv), the 1PBd, and the metaphase II plate (white arrowhead). d The bull-eye inclusion (BE) presents prominent contents and is surrounded by lipid droplets (black arrowheads). e The surface of the inclusion is devoid of a limiting membrane (arrows) and is surrounded by moderate dense lipid droplets (L). The interior of the inclusion is made of medium and small vesicles (V). Medium vesicles present an internal dense amorphous structure at one of the poles (white arrowhead). f The vesicles of the inclusion appear delimited by a double membrane (black arrowheads). a 20 μm. b-d 1 μm. e 0.5 μm. f 0.25 μm with exception of a significantly higher abortion rate. There were no cases of NB malformations.
Of the 211 cycles with granular vacuoles, there were 203 ETC. Of these, there were 141 cycles with normal ETC, 52 cycles with mixed ETC, and 10 cycles with pure ETC. In relation to demographic parameters, normal ETC cycles showed significantly lower mean male age and basal FSH levels, mixed ETC cycles evidenced significantly higher mean female age, and pure ETC cycles showed significantly higher basal FSH levels. Regarding stimulation characteristics, normal ETC cycles showed a significantly higher number of follicles and of estradiol levels and significantly lower total gonadotropin and hCG doses used. On the contrary, cycles with mixed ETC evidenced a significantly higher total gonadotropin and hCG doses used. No significant differences were observed for cycles with pure ETC. In relation to embryological outcomes (Table 2) , normal ETC showed a significantly higher mean number of collected oocytes and FR, associated with a significantly lower ECR, mixed ETC evidenced lower ECR, and pure ETC presented a significant increase in oocyte maturation rate. Regarding clinical outcomes (Table 2) , normal ETC cycles showed significantly higher rates of biochemical pregnancy and CP, as well as significantly higher IR and LBDR, mixed ETC presented a significantly lower IR and NB rates, and no significant differences were observed for cycles with pure ETC. A significant increase in the abortion rate was observed in all three subgroups of ETC. No significant differences were found regarding NB characteristics and no case of NB malformations was detected. Of note, these clinical outcomes were obtained when analyzing data within each type of ETC: normal ETC (141), mixed ETC (52), and pure ETC (10) . However, when rates were calculated to the total number of ETC (203), the values for mixed and pure ETC were completely different. Significantly lower biochemical pregnancy, CP, OP, LBDR, and NB rates were obtained ( Table 2 ).
Discussion
We here describe two not previously characterized oocyte cytoplasmic dimorphisms, the bull-eye inclusion and the granular vacuole.
Regarding patient karyotypes, our results (Suppl. Karyotype information) confirm that infertile patients present a higher rate of abnormal karyotypes than the general or fertile populations [74] [75] [76] [77] [78] [79] [80] [81] [82] [83] . Patients whose oocytes displayed the bull-eye dimorphism presented no abnormal karyotypes. On the contrary, the presence of granular vacuoles in oocytes was associated with a higher rate of female karyotype abnormalities, suggesting a relationship between female karyotype abnormalities and the presence of this dimorphism.
The bull-eye dimorphism was present in 0.27 % of 4099 consecutive ICSI treatment cycles. It is devoid of a delimiting membrane being thus an inclusion. It is surrounded by lipid droplets and contains an aggregate of small vesicles with double membrane and eccentric dense amorphous materials. The aggregation of the small vesicles is so marked that creates a prominent structure visible in the live images. We are unable, at the moment, to explain the reason for this aggregation or the presence of a double membrane in the small vesicles. This aggregation can be a way to remove an abnormal excess of endocytic vesicles or Golgi vesicles assembled during oocyte maturation. These vesicles can also correspond to the retention of those SER components that are absent from the oocyte. In fact, the MV complexes and aSERT usually required for calcium oscillations and oocyte activation [27, 84] were absent from these dimorphic oocytes. The absence of significance to female age, female factors of infertility, and basal FSH suggests that this dimorphism may not be associated with aged ovaries. Absence of significance regarding stimulation characteristics also suggests that this dimorphism is not a consequence of ovarian stimulation. Moreover, the absence of significance to embryological outcomes proposes that this dimorphism does not impair fertilization and embryo development, as well as clinical outcomes or NB characteristics. However, as the absence of critical SER elements would not allow normal embryo development, the observed normal outcomes were probably due to the transfer of embryos without this dimorphism (normal ETC and mixed ETC). In fact, of the eight NB, four derived from normal ETC and 1 from mixed ETC but the unique case with pure ETC resulted in pregnancy absence. Intriguingly, in this pure ETC, no female factors were evident. Three MII oocytes fertilized and originated a 4AB embryo that was transferred at day 2. This means that the oocyte was activated even in the absence of the known SER critical elements.
The granular vacuoles appeared in 5.15 % of 4099 consecutive ICSI treatment cycles, in 2.71 % of the 111 cycles with at least one oocyte displaying a medium-sized granular vacuole, and in 2.44 % of the 100 cycles with at least one oocyte presenting a small granular vacuole. At the ultrastructural level, these granular vacuoles presented regions delimited by a double membrane and contained fine granulo-fibrillar materials. Granular vacuoles also incorporated lipid droplets, dense materials, dense round structures, and The present theories regarding the development of micronuclei refer mitotic or meiotic errors that induce an abnormal distribution of chromosomes, chromosome mal-separation, fragmentation, or abnormal replication, followed by incorporation of chromosomes in micronuclei for later reabsorption. In either case, micronuclei reflect damage of genomic material [85] [86] [87] . In our results, although most of the metaphase plates showed a normal chromosomal complement and granular vacuoles a diploid constitution, an abnormal chromosomal constitution cannot be ruled out as we have only examined a restricted number of chromosomes. As pure ETC displayed abnormal rates of embryo development, it is thus possible that granular vesicles correspond to the abnormal incorporation of chromosomes occurring during oogenesis as previously described [85] [86] [87] . These granular vacuoles may then suffer degeneration associated with incorporation of other cytoplasmic elements, resembling as consequence an autophagy vacuole.
The cytoplasmic characteristics of dimorphic oocytes were not due to aging, since oocytes were processed immediately after denudation. Additionally, the presence of micronuclei was not a consequence of oocyte activation, as these dimorphic oocytes presented a single polar body, the metaphase plate, and cortical vesicles, which are the characteristics of a fresh mature human oocyte. Furthermore, besides the detection of DNA in granular vacuoles, the polar body and the metaphase plate were recovered and confirmed to contain chromosome signals.
When compared to normal MII oocytes [70] , oocytes with granular vacuoles showed absence of large MV complexes, the SER components usually required for calcium oscillations and oocyte activation [27, 84] . Even though other authors have considered that large MV complexes can only be observed in aged oocytes [49, 51] , we have no plausible explanation for this association. Granular vacuoles did not affect nuclear maturation and the cytoplasm also showed no other signs of immaturity. This is contrary to previous observations that indicated that nuclear maturity parallels cytoplasmic maturation [8, 88] . Although abnormal SER organization has been related to higher female age, ovarian stimulation, and oocyte aging during prolonged culture [49, 51] , in the present case, there were no relationships with female age, stimulation, oocyte maturation, or oocyte aging (oocytes were processed immediately after denuding and inspection at the inverted microscope). The absence of significant differences regarding female age, time of infertility, female infertility factors, and basal FSH suggests that the appearance of granular vacuoles seems to be independent of female characteristics. In relation to stimulation parameters, cycles with this dimorphism presented higher number of follicles and estradiol levels associated with significantly lower total gonadotropin dose used. This could explain the observed significantly higher mean number of retrieved oocytes and maturation rate, suggesting that the presence of granular vacuoles may be related to ovarian stimulation. The fertilization rate was also not affected, probably meaning that calcium originated from other stores was sufficient to ensure oocyte activation. On the other hand, the low ECR and the high abortion rate could be related to an abnormal constitution of the metaphase plate due to oogenesis mitotic or meiotic errors with incorporation of displaced chromosomes in micronuclei that then entered degeneration [85] [86] [87] .
We found no previous reports on the clinical outcomes of cycles containing oocytes with the bull-eye dimorphism. Because of the rarity of this dimorphism, we had few clinical cycles to evaluate. Nevertheless, as these oocytes showed abnormal SER components, with absence of aSERT and MV complexes, it can be inferred that pure ETC will not enable a successful pregnancy.
We found several reports on dimorphisms that exhibited some morphological similarities to granular vacuoles and that were described as intracellular degeneration (intracellular necrosis or cytolysis). In one of these studies, the dimorphic feature described represented 3 % of the cytoplasmic dimorphisms and appeared delimited by an incomplete double membrane, and the interior presented a granular appearance with lipid droplets and vesicles [1] . In another work, authors observed small membranelimited vesicles containing dense inclusions. These Fig. 4 Ultrastructure of human mature oocyte with a medium-sized granular vacuole. a Semithin section. This vesicle appears as a round pale structure (arrow) with peripheral inner small aggregates of materials with moderate density (black arrowhead). Note de zona pellucida (ZP). b-f Ultrathin sections. b At the oocyte cortex, there are cortical vesicles (cv), smooth endoplasmic reticulum (SER) isolated vesicles (v) and tubules (t), a SER tubular aggregate (T), and moderate dense mitochondria (m). Note the metaphase II plate (white arrowhead). c Oocyte cortex and subcortex. Note the abundance of SER isolated tubules and mitochondria, small MV complexes, the perivitelline space (PVS), and microvilli (mv). d The granular vacuole presents regions delimited by a membrane (white arrowheads). At the periphery, there is inclusion of moderate dense lipid droplets (L) associated to dense materials (arrows). There is also inclusion of small round dense structures (black arrowheads). The interior of the granular vacuole presents a fine fibrillar appearance (asterisk) with a granulo-fibrillar dense region at the center (n). e Periphery of the granular vacuole. Note regions with double membrane (white arrowheads), the dense cover of the inner membrane, and the associated small round dense structures (black arrowheads). oocytes were able to fertilize and gave origin to normal embryos but then underwent embryo development arrest at the morula stage [2] . Finally, an additional study described an inclusion containing several scattered dark bodies (presumably chromatin) that were argued to represent pyknotic nuclei [33] . In all these cases, and contrary to our results, the dimorphic oocytes showed a normal distribution of SER organelles.
Conclusion
Embryos transferred that are not exclusively derived from bull-eye dimorphic oocytes seem not to be associated with poor clinical outcomes. However, if the transferred embryos are exclusively derived from oocytes containing the bull-eye inclusion, it is expected that they will not Controls ICSI cycles in which mature metaphase II oocytes did not display a granular vacuole or a bull-eye inclusion, Granular vacuole ICSI cycles in which at least one of the oocytes had a granular vacuole, Bull-eye inclusion ICSI cycles in which at least one of the oocytes displayed a bull-eye inclusion, a controls vs granular vacuole, b controls vs bull-eye inclusion, c granular vacuole vs bull-eye inclusion, NS not significant, COC cumulus-oocyte complexes (aspirated oocytes), ETC embryo transfer cycles, CP clinical pregnancy, OP ongoing pregnancy, LBDR live birth delivery rate, NB newborn Values in n, rate, mean ± SD, or range. Significance (p < 0.05)
Controls ICSI cycles in which mature metaphase II oocytes (MII) did not display a granular vacuole (GRVa), Oocytes with granular vacuole ICSI cycles in which at least one of the oocytes had a GRVa, Cycles with ET of normal MII ICSI cycles in which at least one of the oocytes had a GRVa and where embryos transferred derived from MII oocytes without GRVa, Cycles with mixed ET ICSI cycles in which at least one of the oocytes had a GRVa and where embryos transferred consisted in one derived from a MII oocyte without GRVa and one MII oocyte with GRVa, Cycles with pure ET ICSI cycles in which at least one of the oocytes had a GRVa and where embryos transferred derived from MII oocytes with GRVa, a control cycles vs cycles with ET of normal MII (141 ETC), b control cycles vs cycles with mixed ET (52 ETC), c control cycles vs cycles with pure ET (10 ETC), A control cycles vs cycles with ETof normal MII (203 ETC), B control cycles vs cycles with mixed ET (203 ETC), C control cycles vs cycles with pure ET (203 ETC), NS not significant, COC cumulus-oocyte complexes (aspirated oocytes), ETC embryo transfer cycles, CP clinical pregnancy, OP ongoing pregnancy, LBDR live birth delivery rate, NB newborn high abortion rates and very poor clinical outcomes. The bull-eye inclusion and granular vacuoles might thus be used as new prognostic factors for clinical outcomes.
